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Prevalence of the Coexistence of Left Ventricular False Tendons and
Premature Ventricular Complexes in Apparently Healthy Subjects : A
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YUTAKA YONEDA, MD, AKIKO NAKAYAMA, MD, KEISHIRO KAWAMURA, MD,
KAZUHIDE DOt, MD`
Osaka, Japan
The prevalence of left ventricular false tendons, premature
ventricular complexes and their coexistence was evaluated
prospe lively in 187 healthy company workers aged 21 to 50
(mean 36) years. False tendons were demonstrated echo .
cardiographically in 133 (71%) . Eight subjects were with.
drawn from the study because of silent mitral valve pro .
lapse. In these 179 healthy subjects, false tendons were
detected in 127 (11%) and premature ventricular corn .
plexes in 48 (27%). Their coexistence was observed in 40,
which shmved a significant correlation (p < 0 .05) of false
tendons and premature ventricular complexes .
In seven of the eight subjects without false tendons,
premature ventricular complexes were uniform and infre-
quent (mean 3 beats/24 h) . In the 40 subjects with false
tendons, premature ventricular complexes were uniform in
29, m!rlliform in 6 and repetitive in 5, and the mean
False tendons in the left ventricle are generally considered to
be normal structural variants with no clinical significance
(1,2).
However,
it is well known that most false tendons
contain Purkinje fibers, as first described by Tawara in 1906
(3), and tendons in canine ventricles have been used in
electrophysiologic studies of Purkinje fibers (4). Hoffman
and Cranefcld (5) postulated that the mechanical stretch of
false tendons night be arrhythmogenic because the stretch-
ing of Pw4inje fibers results in an increase in the slope of
phase 4 depolarization of transmembrane action potentials
.
False tendons can now be easily demonstrated in vivo by
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frequency was 96 beats/24 h. Correlation of premature
ventricular complexes with the type of false tendons showed
that premature ventricular complexes were significantly
associated with thick (a2 mm) and longitudinal tendons (p
< 0.005)
.
Although it is not certain that left ventricular false
tendons are arrhythmogenic, the prevalence of the coexis-
tence of left ventricular false tendons and premature ven-
tricular complexes in the getr:al population, and the
special relation between the frequency and the form of
premature ventricular complexes and the type of false
tendons, suggests that false tendons may play an etiologic
role In the genesis of premature ventricular complexes in
apparently healthy subjects.
(J
Am Coil Cordial 1988 ;12:910.4)
two-dimensional echocardiography (6-9)
. We have fre-
quently found false tendons in patients with premature
ventricular complexes and no underlying heart disease (8).
The true incidence of the coexistence of premature ventric-
ular complexes and false tendons, however, was not clear in
our previous study because the prevalence of the coexis-
tence
of false tendons and premature ventricular complexes
was obtained separately.
The present study was performed to evaluate prospec-
tively the prevalence of left ventricular false tendons and the
occurrence of premature ventricular complexes in a large
healthy population to determine the relation between prema-
lure ventricular complexes_ and
faire
tendons .
Methods
Selection of healthy individuals. The study population
consisted of 187 volunteers who applied for a complete
cardiovascular examination
: 118 men and 69 women aged 21
0135-10970103.50
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to 50 years (mean 36 ± 9) . The possibility of the presence of
organic heart disease was eliminated by history, physical
examination, chest roentgenogram and electrocardiogram
(ECO) . Two-dimensional echocardiographic examination
and 24 h ambulatory ECG monitoring were performed in
these 187 subjects ; 8 subjects were withdrawn from the
study because of the presence of silent initial valve prolapse .
Evaluation of left ventricular false tendons . The presence
of left ventricular false tendons was detected by one of us
(M .S .) using two-dimensional echocardiography performed
with a HITACHI EUB IOS with a 3
.5 MHz transducer (8) .
False tendons were classified into six types according to
thickness and sites of attachment to the left ventricular wall .
The three patterns of attachment were : I) longitudinal type
from the base of the ventricular septum to the apex of the left
ventricular free wall ; 2) diagonal type from the mid or apical
portion of the ventricular septum to the free wall ; and 3)
transverse type (from the ventricular septum to the lateral
free wall) (Fig . 1). Two patterns of thickness were identified :
1) thick tendons (defined as ?2 mm thick), and 2) thin
tendons (defined as <2 mm thick) (Fig
. 2). When diagonal or
transverse false tendons coexisted with longitudinal false
tendons, the tendons were classified as longitudinal ; when
thin false tendons coexisted with thick tendons, they were
classified as thick.
Ambulatory electrocardiography . Premature ventricular
complexes were documented on continuous 24 h ambulatory
ECG monitoring with a portable two channel ambulatory
ECG tape recorder (Medilog 4-24, Reynolds Medical) . Pre-
mature ventricular complexes were defined as premature
and wide QRS complexes of bizarre shape without a P wave,
they were counted manually by one of us (K
.K .) from the
full 24 h recordings performed at a speed of 2 .5 mm/s to
deduct the error of computer recognition. Premature ven-
tricular complexes were defined as present if at least one
SUWAETAl-
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Figure I
. Two-dimensional echocardio-
grams of various types of false tendons
.
False tendons a classified into three
types depending on their points of adher-
ence to the endocardium of the left ventri-
cle (LV): I) transverse type veal (a left
ventricular false tendon is attached to the
intervcntncular septum iIVS) and the lat-
eral wall transvc6cly)
:
'-I diagonal type
(mtddtel(from the idponion of the ven-
tricular septum to the apical free wall
diagonally): 3) longitudinal type (right)
(from the base
of the ventricular septum to
the apex of the free wall longitudinally) .
AO = aortic root ; LA = left atrium.
premature beat was evident or the 24 h monitoring
. The ST
segment during ambulatory ECG monitoring was also eval-
uated to exclude asymptomatic coronary artery disease
.
Figaro 2 .
Two-dimensional echocardiograms of thick (?2 mm) (top)
and thin (<2 mm) (bottom) false tendons IFT) . LA = left atrium : RV
= right ventricle
: other abbreviations as in Fig
. .
I .
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Table 1 . Prevalence of Len Ventricular False Tcndens and
Premature Ventricular Complexes (PVCs) in 179 Healthy Subjects
False Tendon I+1
Fakir Taudun I-)
In - 127) In - 521
PVCIH 411
N
IR'SP
115%1
'p <
present : - = absent .
Echocardiographic and ECG analyses were performed inde-
pendently without prior information on the other test
.
Exercise testing . For the subjects with premature ventric-
ular complexes and left ventricular false tendons, a treadmill
exercise stress test was performed to exclude the possibility
of asymptomatic coronary artery disease and to analyze the
behavior of premature ventricular complexes during the
exercise and the recovery phase .
Results
Prevalence of false tendons and premature ventricular
complexes (Table 1) . Left ventricular false tendons were
detected in 133 (71%) of the 187 subjects
. Eight subjects
were withdrawn because of silent mitral valve prolapse . In
the remaining 179 healthy subjects. false tendons were
present in 127 cases (71%) and premature ventricular com-
plexes in 48 (27%). False tendons and premature ventricular
complexes coexisted in 40 (p < 0 .05 by chi-square analysis)
.
Prevalence of premature ventricular complexes in subjects
with and without false tendons (Table 2). Among the 48
subjects with premature ventricular complexes, the fre-
quency and form of premature ventricular complexes were
compared in those with and without false tendons . In all
eight subjects without false tendons, the frequency of pre-
mature ventricular complexes was < I hearth, and the mean
frequency was 3 beats/24 h . In contrast, there was a wide
Table 2. Frequency and Form of Premature Ventricular
Complexes in 40 Subjects With and 8 Without False Tendons
False Tendon )+) FaIseTendon(-)
Frequency
*p < 0.005 . PVC = premature ventricular
complex-
variation in frequency in the 40 subjects with false tendons
and the mean frequency was 96 beats/24 h .
Among these 40 subjects with premature ventricular
complexes and false tendons, 29 had uniform, 6 had multi-
form and 4 had coupled complexes and I had nonsustained
ventricular tachycardia (maximum 18 beats) . In contrast,
seven of the eight subjects with premature ventricular com-
plexes and without false tendons had uniform complexes .
Prevalence of premature ventricular complexes according
to types of false tendons (Table 3). Among the 179 subjects,
false tendons were detected in 127 and premature ventricular
complexes were recorded in 40 of the 127 cases . This
observation suggests that false tendons are not always
associated with this arrhythmia . Therefore, we evaluated the
coexistence according to the sites of the attachment and the
thickness of the false tendon . Of the 127 subjects with false
tendons, 94 had thick and 33 had thin tendons . Premature
ventricular complexes were noted in 40 (43%) of the 94
subjects with the thick false tendons but in none of the 33
with thin tendons . Thus, the occurrence of premature ven-
tricular complexes was significantly associated with thick
false tendons by chi-square analysis (p < 0 .003) . Longitudi-
nal tendons were seen in 97 cases, and transverse or diagonal
types in 30 cases. Premature ventricular complexes were
noted in 35 subjects (36%) with the longitudinal type of
complexes, and in only 5 subjects (17%) with the diagonal or
transverse type . Thus, the occurrence of premature ventric-
ular complexes was significantly associated with the longi-
tudinal type by chi-square analysis In < 0 .05). There were 76
subjects with both longitudinal and thick false tendons, and
premature ventricular complexes were observed in 35 (46%).
The coexistence of false tendons and premature ventricular
complexes among this group was significantly higher than in
the other five groups and the development of premature
ventricular complexes was significantly associated with lon-
gitudinal and thick false tendons (p < 0 .005 by chi-square
analysis) .
Exercise testing . Among the 40 subjects with premature
ventricular complexes and left ventricular false tendons,
exercise testing was performed in 16 (10 aged >40 years and
6 aged <40) who had > Ill premature ventricular complexes
during 24 h . Only 4 of these 16 subjects had some premature
)A('(' vnl .12,t4,.4
Table s. Prevalence of Premature Ventricular Complexes in
Relation to Six Types of Left Ventricular False Tendon in
127 Patients
Longitudinal
TYpa
Diagonal
Type
Transverse
Type
Thick type
PVC :')
Thin type
PVC I+)
76
35141ff)
21
11
14
41292))
6
9
4
I t25F)
6
0
<1m
I to 9/h
31
s
N
o
1010 29/h
030)6
_ 0
0
Mean 96 beulsQ4 h 3 bcalsl24 h
Farm
uniform
29
7
Multiform 6 1
Couple,, 4 0
Ventneular
Meh ycaedla
IACC Vnl . C, No . 4
Itmohcr M1.11-
ventricular complexes before exercise testing . The com-
plexes decreased in frequency or disappeared with increas-
ing heart rates and reappeared during the recovery phase .
Also, none of these 16 subjects showed evidence of exerci,c-
induced cardiac ischemia or worsening of ventriud,r
arrhythmias with respect to frequency or complexity .
Discussion
Our data suggest a causal relation between false tendons
and premature ventricular complexes in healthy subjects .
especially in those with thick and longitudinal false tendons .
Ventricular arrhythmias in apparently healthy subjects
.
At present, ahnonnnI .,it tieitr, mirrore,ou
., and trig-
gered activity or, considered to he the three
major
etiologic
factors in the genesis of venteicalar undn7ltrnias .
Irausiertt
myocardial isclreenia in coronary artery diserme, subendo-
cnrdial ischetnict in a markedi-v hypertrophied ee jviling left
ventricle, electrolyte imbalance, svntprahelic oe
nreirin-
and a local ittannnor
xrp'
prow.,., Gore been cooee'ehoed to
be fine causes of the electrical inetahiliii
.
It has been reported (10-13) that 34 to 50r/ of healthy
individuals without detectable heart disease have premature
ventricular complexes . and some of them have frequent.
consecutive, multiform premature ventricular complexes or
ventricular tachycardia
. In patients with mitral valve pro-
lapse, premature ventricular complexes have been reported
(14) in 45% and ventricular mchycardia in 6%. Some inves-
tigators (15-18) have reported that focal myocardial inflam-
mation, fibrosis and scarring are commonly observed histo-
logically in patients with sustained ventricular lachycardia
without underlying heart disease. It is impossible, however.
t o blame silent mural valve prolapse, focal myocardftis or
silent myocardial ischemia as the underlying cause of all
premature ventricular complexes seen in apparently healthy
individuals . Therefore, these premature ventricular com-
plexes are generally classified as idiopathic, In this investi-
gation, we considered that premature ventricular complexes
in these healthy subjects were possibly idiopathic in origin
although silent myocardial ischemia or focal myocardial
inflammation could not be completely eliminated
.
Prevalence of left ventricular false tendons . The reported
prevalence of left ventricular false tendons demonstrated by
two-dimensional echocardiography varies from 0 .4 to 61
(6-8,19,20) . False tendons were detected in only 6 .4r'c in our
previous investigation and in 71% in this study . The varia-
tion in the reported prevalence of false tendons probably is
related to 11 differences in whether false tendons are ruled
incidentally during routine diagnostic examinations or are
intentionally searched for, and 2) differences in skill or
experience of the examiner in detecting false tendons . In the
present study, false tendons are sought in multiple echocar-
aingraphie cross sections, such as a laterally angled long-
axis view and a rotated four chamber view, in addition to
r nl .
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routine views . Consequently
. the rate of detection of false
tendons increased to 71t and this prevalence is close to that
I61'"'' reported by Hrenner et al
. III)) .
Possible mechanisms of premature
ventricular
complexes
related to false tendons . It has been demonstrated 151 that
stretching of the Purkinje fibers increases the slope of phase
4 depolarization of trlnsmembrane action potentials, and it
was postulated that this increase may cause premature
ventricular complexes . At present . we consider that a false
tendon may produce the arrhythmia by stretching of Purk-
inje fibers contained therein or by distortion of the left
ventricular wall at the site of attachment
. Because thick
tendons may contain more Purkinje fibers and longitudinal
tendons are generally associated with greater stretching of
the tendon and the adjacent tissue . our data suggest that
mechanical stretching of false tendons containing Purkinj :
fibers may he a mechanism of production of arrhythmias .
Furthermore . two other eiectrophysiologic mechanisms can
be considered : there may he conduction slowing or change in
the refractory period, or both, and the stretched Purkinje
fibers may produce focal reentry or increased automaticity .
or both . We consider that transverse false tendons also
develop -acchaniced stretching
. but it is not known whether
they trigger premature ventricular complexes because ten-
dons of this type were present in only 10 of our 179 subjects .
Conclusions. Although a definite conclusir t fat late
tendons in the left ventricle are arrhythmogenic nmnol be
derived from this investigation, the high prevalen c of the
coexistence of premature ventricular complexes and false
tendons it the general population . and the special relation
between the frequency and form of premature ventricular
complexes and the type of false tendons, strongly suggests
that left ventricular false tendons play an important role in
the genesis of ventricular arrhythmias in apparently healthy
subjects .
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